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LIFT AND DRAG CHARACTERISTICS AND GLIDING PERFORMANCE OF AN
AUTOGIRO AS DETERNIINED

By JOHN B. WHBATLEY

IN FLIGHT

“sUMMARY

The resulh of $igld teds made by the Naii.onul AA
tiory Committeefor AeronaWcs on a Pitcai.rn‘(PCA–#’
autogiro are prewded in ihia report. Li~ and drag
coejiciimie &h the propeller stopped have been deiw-
mimw?overapproximahly a 90° range of angkx of attack.
Breed on the eum oj jixd-wing and swept-disk areas,
the maximum lift coej%ieni b 0.896, the minimum drq
weji.c%miwith propeller stopped h 0.016, and the maxi-
mum L/D with propeUerstopped ix .4.8. Lijl wewe
were found also with tha propeller delivering positive
thrust and did not di~er titedy from three jownd
with propehr stopped. 0urve8 of gliding performance
in.cki.ed in thti report show a minimum verticalvelody
of 16feet per second at an air qwed of 36 ret%%per hour
and ajlighi-p~h angle of –17°. In vertiral dwent the
verhkalrelociiy is 36 fed per second.

INTRODUCTION

Research on the rmtogiro has been undertaken by
the National Advisory Committee for Aeronautics in
connection with the study of the general problem of
safety in tlight. The essential characteristic of the
rmtogiro that distingukhes it bm conventional air-
planea is that the velocity of the lifting surfaces with
respeot to the air is almost entirely independent of the
velocity of the machine as a whole. The value of this
attribute with respect to safety lies in the increase in
the useful range of air speeds at which flight may be
maintained.

The determination of lift and drag characteristics
was decided upon as the initial step into an extensive
program of research bemuse of the lack of reliable
full-scale information on the fundamental aero-
dynamic characteristics of the autqgiro and the need
to establish clearly a datum to which further work will
be referred. The curves and data contained in the
body of this report constitute, so far as is known, the
tit authentic full-scale information concerning auto-
giro characteristics that has been published. This re-
port presents the results of a series of glide tests, made
to determine the lift and drag characteristics of a
PitCairnPCA4! autogiro over the full range of angles

of attack.
Advisory
Field, Va.

The tests were performed by
Committee for Aeronautics

the National
at Langley

APPARATUSAND METHODS

The tests were performed on a Pitoairn PCA+2
autogiro, shown in Figure 1. The essential physical
characteristics of the autogiro are as follows:

Rotor Symkd
Number of bum------------------------ b----------- 4.
Preffle of *Hen ---------------------------------- CiWfngOrr429.
Dtiw --------------------------- 2R_____ 46.0ft.
Bledodud (outer.h-eIgbt ~rtIm)__- c_____ LE33k
Dfskm----------------------------- 6D______ 1$%3 SU. f~
80~df& . . . . . __________________ Total blade 0.QJ76.

area/di8k
m

w-fng
tiMe ------------------------------------------------ Modf&il NA.O.A.-M8.
s~..-._.---.-.-.. -.:--------------------------- 30ft. a% h
oherd-rODt__________________________ 4It 4fn.
h~mj --------------------------- Sw----- 1016q.fk
- ~~---------–---------—-------------------- 9J-
Mdmm.---------. -.--. ---. -—---------------------- LT.

General
TOtd ------------------------------- 6-6D+6w_ 1,~ ~. ft.
Chinswel@t es floe -------------------- W------- 2$40lb.
Whrg lm~.–--..-.---.–.--_-..-- W/s-_–_––1.74lbJcq ft.
Em . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Wrf@t R-976.
POW~M --------------------------------------- 3M hp

The essential quantities necessary to a determirw “
tion of lift and drag charaokwistics are dynamic pres-
sure, flighkpath angle, and attitude angle. Measure-
ments of dynamic pressure and @h&path angle were
obtained during a portion of the tests from an N. A.
C. A. flighkpath-angle and air-speed recorder sus-
pended 80 feet below the aircraft. (Reference l.)
Subsequently it became necesmmyto alter the stand-
ard instrument so that it could record glides at an
angle a-sgreat as 90°. The alteration consisted of the
incorporation in the instrument of a ‘yoke suspension
and a 90° inclinometer unit, the yoke being shown in
Figure 2. At low speeds, however, the instrument
proved to be unstable and the inclinometer failed to
function. An alternate method of obtaining fligh&
path angle was applied, in which the vertical velocity
w-ascalculated from a time history of altitude obtained
by the observer with a sensitive altimeter and battery
of stop watohes. Flight-path ~mle followed directly
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horn the ratio between the vertical velocity and true lack of reliable information on the propeller character-
air speed. The attitude of the autogiro was recorded istics, no attempt was made to calculati thrust directly

FIWJEEl.—l%ree-qnarkz vfew of PCA4 antdm

by a pendulum-@pe inclinometer (reference 1) fixed
in the fuselage.

Complementary quantities required during the glide
teatsincluded air density, control position, rotor speed,
and, in a few cases, engine speed. Data from which
air density was calculated were obtained by visual
observationa of a liquid-in-glass type thermometer
placed in the air stream and a sensitive altimeter in
the observer’s cockpit. During a part of the. tests
atmospheric pressure was recorded by an aneroid-
type recording altimeter, but the observations of pres-
sure altitude proved to be a more desirable method.
Rotor speeds were obtained visually by the pilot or
observer from the indicating tachometer installed in
the aircraft. In auxiliary tests made with positive
thrust, the pilot also noted engine speed horn the
engine tachometer.

The flight tests consisted principally of steady 30-
second glides at angles of attack ranging approxi-
mately from 0° to 90° with the propeller stopped in a
vertical position by means of a brake. .From the
average values of dynamic pressure, attitude angle,
and flighhpath angle given by the continuous records
obtained in each glide, the lift and drag characteristics
were calculated as described in reference 2. A correc-
tion was made for the drag of the suspended instru-
ment from data given in reference 2.

h order to determine the effect of the slipstream on
the rotor characteristics, an auxiliary group of glide
teatswas made with the propeller rotating at sufficient
speed to develop varied small amounts of positive
thrust. Test procedure in this case was identical with
that when the propeller -was stopped. Owing to the

\
.

from engine speed and air speed. The magnitude of
the thrust was closely approximated by a considera-

.’
4.

—- . . ——

.I?mum 2.-Swfval saspmslon for llfgh@Xh-angle and alr-spwd mamlru

tion of the change in f@h&path angle from that at the
same air speed with propeller stopped, using a pro-

.
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peller-drag coefficient calculated horn the curves given the state of operation of an autogiro rotor, is defined
in reference 3. by the equation

RESULTS Vcoa a
The lift and drag characteristics of the autogiro are ‘- QR

presented in Figures 3 and 4 and in Tables I and II. where V-true air speed, feet per second.
The area to which the force coefficients are referred is a —angle of attack, degrees.
the sum of the swep&disk area and the fixed-wing Q—rotor angular velocity, radians per second.
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area, the wing being considered as extedng through
the fuselage. The use of the swepkiisk area is arbi-
trary, but an arbitrary selection is necesm-y, inas-
much as the predominating velocity of the rotor blades
is not the velocity of flight. The inclusion of the fied-
wing area follows by analogy with a biplane. With this
choice of area the coefficients are of the same order of
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magnitude of those of a normal wing. The angle of
attack given in the graphs and tables is the mgle be-
tween the relative wind and a perpendicular to the
rotor axis lying in the plane “of symmetry. Drag
coefficients, urdeas otherwise specified, have been
calculated from the drag of the aircraft as flown less
the drag of the suspended instrument.

The rotor parameter p is plotted in Figure 3 against

angle of attack. This parametar, which detenninea
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The effect of the calculated propeller~drag upon the
drag coefficient and the L/D curve against angle of
attack is shown in Figure 5. The propeller drag@s
estimated from the curves in reference 3 andJwas
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assumed constant over the range of angles of attack
covered by Figure 5.

The gliding performance with stopped propeller is
shown in Figures 6, 7, and 8. Figure 6 shows the
variation in fli.ghtipath angle y and indicated vertical
velocity V, with indicated air speed. Fiie 7 shows
indicated vertical velocity as i function of &h&path
angle. In Figure 8 vertical velocity has been plotted
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against horizontal velocity, and lines of constant ACCURACY

-f&ht-path amglehave been shown. The polar distance The effect of accidental errors is reflected in the dis-
fiom the origin, indicated by the circular arcs drawn, persion of experimental points on the curves. It will
.remwsentsthe air meed alonz the flkht Path. be noted that this dispersion increwes rapidly above-l.—---- . -.
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Results of the tests with positive thrust are shown
--inFigure 9, in which the lift coefficients obtained are
-plotted against angle of attack. The portion of the tit
curve obtained with propeller stopped at correspond-
ing angles of attack is shown in the same figure for
comparison.
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an angle of attack of 16°. This effect is prob-
ably a result of the errors introduced by the
indirect method of determmm. . g fligh&path angles
at large angles of attack, augmented by the
unsteadiness of the aircraft at low air speeds.
The number of experimental points obtained is
large emough, however, to reduce the re-
sultant accidental errors in faired curves to
a small value.

Errors consistent in sign are not indicated by
the dispersion of points. The chief source of
such errorsis the effect of the rotor-induced flow
on the magnitude and direction of the resultant
air velocity in the vici&ty of the suspended
fligh&path-angle and air-speed recorder. The
effect of this flow on the alignment of the sus-
pended instrument, as well as the effect of any
inherent misalignment, vas eliminated by a de-
termination of the alignment in level flight at
various speeds. The alignment thus eatabliahed
is believed precise to within + O.1O. The effect
of the induced flow on the recorded dynamic
pressure, however, was not eliminated. Cal-
culations based on the usual wing theory in-

dicati that the magnitude of the induce~ veloc~y at
the suspended instrument is approximately – 0.013
CEV where C. is the coefficient of resultant force
based on disk area. Owing to uncertainty concerning
the justification for applying wing theory to this case,
no correction to recorded results was applied, It is
probable that at high angles of attack the error in
dymunic pressurewill be horn –2 percent to -3 pm

Per secono
w ““ ““ ,-” 120 two /80 /90

I, 1 I 1~~11
.—A ..I 17-i--f- ) I I I-.5

Table I presents the data obtained in glides with
-stopped propeller when the flight-path angle was
directly measured, Table II shows the data obtained
by indirect measurement of fligh&path angle in glides
with stopped propeller, and Table IH contains the
data obtained from glides with rotating propeller.

FIGUEE S--olfdhgperfonnmm Cnl-ve of PCA4 dogim, Ivftb Stoppd propolfer

cent, whereas at low angles of attack the correction
may be safely neglected.

If the indeterminate effect of rotor-induced velocities
on the suspended instrument is disregarded, it is
believed that the values of the faired curves may be
relied upon within the following limits:
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DISCUSSION

The curves included in this report show clearly the
general aerodyntic characteristics of the autogiro.
The curve in Figure 3 illustrate the fact that the
resultant force coefficient is almost constant at all
angles of attack above that corresponding to maximum
lift. The results in Figure 6 show a mtium L/D
of 4.8 with propeller stopped, at a lift coefficient of
0,150, corresponding. to an air speed of 67 miles per
hour. By the subtraction of the estimatid propeller
drag, a maximum L/D of 5.3 is obtained. The curves
of gliding performance (figs. 6, 7, and 8) illustrate the
ability of the autogiro to descend steeply at a low air
speed; when the vertical velocity is a minimum of 15
feet per second, the air speed is about 53 feet per
second (36 miles per hour) and the flighhpath angle
is -17°. These curves also show the rapid increase in
vertical velocity with any small decrease in air speed
below 45 feet per second. The data in Figure 9 indi-
oate that the presence of positive thrust has no con-
sistent effect on the lift coefficient.

The large speed range possible for the autogiro is
indicated by the ratio between CLmas and CM- in mg-

0.896
ure 3, the expetiental value of ~= 60 being unus-

ually high. Comparable values for a conventional air-

plane would be -=28. Level flight at low speeds

proved Wiicult, however, owing to decreasing control
effectiveness as air speed approached its minimum.
At air speeds corresponding to the region of (?Lmas the
aileron moments were insufficient to overcome the
required engine torque. The practical speed range is
then less than that indicated by the force coefficients.

The problem of control at the low air speeds and
high angles of attack attainable in the autogiro de-
mands attention. During glides at air speeds near the
minimum value, corresponding to angleaof attack from
about 35° to 90°, lateral control was inadequate and
the aircraft was u&teady. Elevator control: although
sluggish, remained positive at all times, but the aile-
rons and rudder often proved unable to check or delay
a tendency of the autogiro to roll or yaw.

3LIOING PERFORMANCE OF AN AUTOGIRO 625

CONCLUSIONS

The tests on the PCA–2 autogiro as presented in
thisreport lead to the following conclusions:

1. The maximum lift coticient, based on the sum
of wing and swephdisk area, is 0.895, the minimum
drag coefficient with propeller stopped is 0.015, the
maximum L/D with propeller stopped is 4.8, and the
maximum resultant force coefficient is 1.208.

2. The resultant force coetlicient is approximately
?onstant for all angles of attack greater than that cor-
responding to maximum lift.

3. The minimum vertical velocity when gliding with
stopped propeller is 15 feet per second, at an air speed
>f36 miles per hour, and a flight-path angle of – 17°.
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4. The vertical velocity in a vertical descmt is 35
feet per second.

5. The presenca of positive thrust has no consisknt
influence on lift coefficient.

LANGLEY MmIoruAL AERONAUTICAL LADORATORY,

INATIONAL ADVISORY CohmmTE13 FOR AEEON.4UTICS,

LA.NGLE3Y l?IELD, VA., ~ay l?,192?,%.
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TABLE I

AUTOQIRO GLIDE TESTE-PROPELLER STOPPED
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763
30.6
Eao

l&:
MO
824
336

l!l :

7a 4
762
7%8
826

H
8L 9
=6
70.2
73.7

1---------... .....
.XK3
.243
. fu3
.267
.=
,316

g
211 ,
‘ACo
!zm
203
214
2m
204

.B3

.216

.230

.242

. lW

.210

.240

.247

.ml
,216

A-19 –14. 1
–13. 3
-US
–12 7
–14 4
–U 6
-126
–126
–140
–m 6

69.2
me
7L O
647
69.6
740
ml

%:
724

.167
. . . . . . . . .
. . . . . . . . .
. . . . . . . . .
. . . . . . . . .
.. -. -.. .
. . . . . . . . .
. . . . . . . . .

A-20 –m 1
—M 3
–u 5
–M.6
–14. 1
–13 6
–M. 4
—14o
-147
–13 7

.........
,!m

A-21

A-22

–IR 4
–IE o
–M. o
-17.6
–17. 1

–M. 6
–17. 7
•~ :

—li 9
-M. 2
–14. 8
–M 9
–m 2

,-----------
,------ .-.
----------
.... .......
. .... .....

......... .........
-------- .........
......... .- ....-.
......... .... -----
.......- .. ......

1
.146 ._.-. -
.178 -------
.130 -------
. In ._.-...
.164 -------
.140 -------
.103 ..-–.-.
.162 .-–.-.
.110 -------

2
3
4
6
6
7
8

1!

--------- ......... .........
..... ... .........
......... .........
......... .........
......... .........
......... .-.--....
.- ...... .........
......... .........
......... .........

-----------
............
-----------
.... ..... .
..--—..-.
------------
----------



Il#t

A-26

A-261

A-27

1A-23

A-36

A-31

A-32

A-33

A-34

A-M

A-39

ml
No.

LIET AND DR4G 0HARAOT13RISTICS AND GLIDING

TABLE II

PlmFomLANcE

iUTOQIRO Q~ETEST8-PROPELLER STOPPED

Vert.

[tyv
‘t.jf@o

Fllgllg

.%.

–24 9
–!23.6

–27. 6
-!22.6
–22 o
–22 9
-324
–!23.6
-% 6
-248
-33.4

–B o
–2L 5
–2a 7
-a 9
-m 8
-33.0
–’X o
-!53.6

-2a 4
–a 2
-m. 3
–20. 7
–’29.9
–27. 8

-m. 6
–a 6
-u. 4
-4a0
-38..5
-423
-3L 3
-3L 7

-23.8
-3L 7
-m. 3
–37. o
–2a 7
-423
–52 4
-220

–42 6
-m. 2
–22 8
–m 2
-337
-46.4
–m 5
-35.0
-34.4

-69.4
–74. 8
-022
-EL 6
-723
-020
-al’a
–56. o
=623
–69. 4

-021
-03.3
-u 4
-042
–35. o
-S& 4
-3L 6
-522
–m 5

–2L 6
-% 1
-224
-Xi 4
–m 1
–34 3
–2L 5
–2L 8
-m. 4

-64.8
–7’S.8
–72 4
–s0. o
–n 9
–n. 8
-729
-729
-&3.6
-@S

Lttihd

.%

–L a
–L 6

–L 7
-L 6
–L 6
–L 7
-L 6
–L 6
–L 7
–L 6
-L 6

-L 7
–L 7
–L 6
-L 6
–L 6
-L 6
–L 7
–L 6

–L 8
–L 7
–L 6
–L 6
–L 7
–L 7

–L 6
–L 5
–L 4
-L 4
–L .5
–L 5
-L 6
–L b

-L 6
–L 6
-L 4
–L 6
–L 6
–L 4
–L 3
–L b

–1. 3
–L 3
–L 6
–1. 6
–1. 5
–L 6
–L s
–L 6
–L 5

-I. a
-L 3
-L a

.- ...-.,

..—.-.,

... -----

.-------

.. ----

.. --.-.,
-L 5
-L 7
–1. 6
–L 6
–L 8
-L 8
-L 8
–L 6
–L 5

-20
–z o
-20
-L 9
–21
–2 o
–2 o
-20
-20

–L 6
–L 5
–L 6
-L 7
–L 4
-L 6
–L 7
–L 7
–L 8
-L 9

30nll

$%

2
2

2
2
2
2

i!
2
2
2

2
2

2

;

;

3
3
3

;
2

2
2
2
2
2
2
2
2

2
2
2
2
2
2

2

2
2
2
2
2
2
2
2
2

2
2
2
2
2
2

:
2
2

2
2
2
2
2
2
2
2
2

3

;
2
3
3
3
2
2

2
2

;
2
2
2

:
2

21
L7

L9
L7

H
L6
L?

HI
L7

H

k;
L8
L6

?:

24
21
20
L9
L7
L7

L8
L6
L6
L4
L6
L4
L6
L6

L6
L7
L6
L6

i:
L4
L6

L4
L4
1.6

H
L 4
L 5
L6
1.6

1.4
L 5
L6
1.6

;:
L6
1.6
L4
L4

L6

?:
1.6

::
L6

;::

22

k!
1.9
24
22
22

HI

L 6
L 5

:;

H
L4
1.6
1.6

Lut
clwli-
Ciecer&

0.734
.Sm

:%
.622
.741
. WI
.844
.771
.747
.S41

;=

.741

. m9

:$%
.m4

.Om

.745

.7m

.792

.823

.841

.819

.817

.355

.W

.ma

.E33

.W4

.890

. WI

.W

.7aa

:%
.847
.713
.!M6

.W2

.5S9

.W4
:%

;~

.831

.821

.442

.914

.485

.4’23

.2S

.4m

.5SI

.M3

.m?

.em

:%?
.403
.479
.ma
. m7
.ml
.tca
.624

.713

.Ta3

.750

.7M

:%
.702
.m
.7WI

.4%3

.223

.357

.34!

.361

.333

.342

%

OF AN A’CJTOGIRO

Rotor
3P&

*

.—.-.
------

——-
.——-
.——-
.--—.
-----
-—-.
.-.-—
.-——
.--—-

15.0
15.2
15.2
lh o
I&o
36.2
14.9
lho

35.4
15.4
lh !2
15.1
15.2
15.1

I&o
160
14.9
M.1
15.o
140
149
148

148
148
M 8
14.8
148
14.8
14.8
148

148
lh 1
149
M.9
14.Q
15.0
148
14.8
148

15.2
15.1
15.1
l&o
15.0
14.9
14.e
14.7
14.7
149

15.3
M.1
lh 2
lh 2
15.0
14.9
149
14.7
14.6

14.8
14.5
14.7
148
145
145
147
14.6
14.7

14.Q
14.9
l&o
14.9
14.7
14.7
14.7
14.7
147
14.7

2 Oixlo+
2a3

!2.Oi
2m
2W
211
205
209

216
214
214
211
214
z 15
215
216

218
218
218
218
216
217
22u
z 16

4hl
417

g;

-2:

M
43.3
43.5
40.3

40.2
47.4
40.2
447
423
39.8
421
4L4

4a4
45.2
444
421

M

$L:

ziL2
35.8
37.6
38.1
328
3$.6

37.8
no
37.2
37.2
37.3
25.0
35.7
2&8

30.2
2&7
mo
X.4
L?A8

:.?
3i17
3&8

E:

;:

~6

%
X6
3%1

2S.9
3s.4
37.7
37.7
39.7
=S
39.1
37.7
S5.8

4h7
4L 6

H
47.8
&o
4&3
436
421

35.9
2a7
2&9
24.6
30.4
2a2
36,7
30.3
38.7
329

627

‘&

——
..—.—.
———.
——-.
.. -—.

am?
.323
.ma
.WJ

:E
.117
.110

.333

.321

.339

:E
. K@

.163

.Q32

. @al

.m

.m

.@a

. lW

. ml

.O&i

.O%a

.On

.m

.m

.079

.IM5

.Om

.076

.031

.(R5

:%
.070
.C414
.a35
.031

.W

.02S

.Om

.0i9

.CQl

.Ct54

.054
:~

.(66

.033

.0s4

.648

.Ml
;%

. lm

.070

.057

.124

.116

.324

.115

. 13%

.327
;lg

.121

.056

.624

.mo

.m

.W

. cG7

.ma

.W

. M?

.am
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TABLE 11-Ckmtinued

AUTO131R0 GLIDE TESTS-PROPELLER STOPPED-OOntInti

*WVert. F&hht-

$’% TIt.&o. y eg.

A&y-

%’D.] .
) ynnu
[0 pre3

-q
ItL/w

L5
L4
1.5
1.5
1.6

;: i

1.4
1.4
Lb
L4
L3
L4

1.4
L4
1.4
1.4
L 4
L3
1.5

Lm
cmol-
de#,

.204
0

:E
.470
.535
.679

.453

.m

.4:

. 13s

.432

.14

.W3

:E
.0J5
.&32

ml%tlti

ft.i%

37.4
30.7
37.4
30.3
37.1
30.7
30.3

3a7
35.8
30,s
30.2
34.8
3&2

3’%6
3!3.6

2;
38.4
36.0
37.0

Bomb

‘%%.Db

‘TTm

%%%’! ~coarl

. a32

.W“

.047

.6s1

.656

.659

.042

.a34

.04!

.012

.613

.0-1

.03c

.631

.031

.012

.039

—1
2
2
2
2
!2
2
2

2
2
2

;
2

2
2
2

;
2
2

14.9 2 17X164
15.0 213
14.9 z 17
148 221
14.8
14.7 :;
14.6

A-46

A41

A+

&Lo –74. 4
37.0 –m o
254 –7L 1
323 –eas
33.s –OL 6
323 –61. 6
31.3 –69. 6

–L3 73.1
–L 4 Wo
–L 6 m. 5
–L 6 W9
–1. 7
–1. 8 M
–L 8 57.7

2,891 776
2,W3 o

2%! l%
%7W3 1,197
%770 1,318
&7KI 1,401

~8 –07. 1
–n. 3

% –W o
33.5 -07.8
34.1 –s2. 7
33.2 45

–L 7 g: %820 1,0%3
–L 9 Zm 8%2
–L 8 $QO 2,776
–L 8 eao !2,740 1,W“
–1. 8 8L9 %720
–2 o 64.5 2@l L%?

–L 9 m.o 2S3) o
–z o 7&8 ~g
-23 ~; 2,%
–21 z Slo 1,239
–21 4i 7 2,no 1,038
–21 E3.6 zeal
–L 9 37.7 %660 %%

lb. 1 213
149 z 19
14.9 215
14.0 215
14.0 221
148 z 14

14.0 214
lh 2 2.10
15.1 207
I&o 2m
14.9 z 12
14.7 21!4
14.8 2 la

358 –m o
.3!%1 –ELI.8
2L 2 4L o
322 +3.4

-4.38
:~ –85. 6

–a 6
I

AUTO(31R0 GLIDE TESTS-PROPELLER ROTATING

V/nD

—
Nmnal

Ill&t

f’an e,
r w.

DY-
IMnJo

-
1min.

&5
5.2
22
49
22

5.5

;;
4.9
29
21
&1
30
20

4.9

il
h3

::
6,0
30
21

26

::
25
3.2

H
3.4
5.4

Lut
aM7i-
d&Lt,

Demm-,

S&m!%?’

A-M

A-L5

A-M

A-51

–12 5
–n o
–22 3
–13.8
–2L 5

IE

-N
–14

19

04

4?
Ils
Q5

G

2

m
171

h’!
m
131
g

178

n
44
91
72
69
76
47
83
48

2 16X16-1
215
217
!216
2 M

–23
–21
–L8
–.2 2
–L 6

—.9

––i ?
—.5
—.
—.:
—.6

––i ?

27
L9

–$ :

%
L 8
.2

––i;
–27

––i;
–; 8

–L 5
–27

10.2
10.9
ZILs
lL6
I!L9

ZSsll
2840
2,82)
Z 810
2,780

aws
319

.S6n

.327

.701

–13 4
–117
–22 1
–14.0
-221

0:Lo

:%
.669

.465

.444

.498
,Ml
.426
.477
,448
.433
.469

.349

.333

.m

.248

.Zm

.46!J

.2$7

.362

.391

.437

.W

.5S3
,432
.544
.670

g

216
216
218
218
215
2L9
217
215
216

–lLO
–14 7
–23. o
–lL 2
–E 3
–22 9
–10.8
–l& 2
–23. 7

la 1
14b
2L 9
m.7

E:
m.2
10.0
!2.26

.307

.527

:E
.554
.740
.ml
.527
.703

–13.4
–18. 8
-221
–14. o
-17.6
–23. 3
–138
-17.2
–24. 8

–8. 2
–X3 5
–2L 5
–7. 6

–12 1
–1& 2
–7. 6

–12 9
–l& 2

10.9
l&4
2L 2
9.8

127
lRo
10.1
14.7
la 4

.346

:%
.314
.m
.893

:E
.7M

–14.0
-17.2
–24. 8
–13. 6
–1& 3
–2L 1
–119
-17.2
–22 1

210
211
211
212
216
‘LL1
210
2a3
Zm

–la 2
–lh 4
–la 6
–17. 8
–1& 1
–1L5
–2L 9
–14. o
–IL 9

17.9
l&9

1::
la 8

2;;
126
Q2

.026

.625

.W3

:E
.’325
.731
.4@
.m

–la 9
–lo. 8
-13.4
–19. 5
–l& 6
-13.6
–2L 3
-1& 1
-13.5

—


